This paper presents an integrated economy-energy-climate model WIAGEM ( World Integrated Assessment General Equilibrium Model) which incorporates economic, energetic and climatic modules in an integrated assessment approach. In order to evaluate market and non -market costs and benefits of climate change WIAGEM combines an economic approach with a special focus on the international energy market and integrates climate interrelations by temperature changes and sea level variations. WIAGEM bases on 25 world regions which are aggregated to 11 trading regions and 14 sectors within each region. The representation of the economic relations is based on an intertemporal general equilibrium approach and contains the international markets for oil, coal and gas. The model incorporates all greenhouse gases (GHG) which influence the potential global temperature, the sea level variation and the assessed probable impacts in terms of costs and benefits of climate change. Market and non market damages are evaluated due to the damage costs approaches of Tol (2001) . Additionally, this model includes net changes in GHG emissions from sources and removals by sinks resulting from land use change and forest activities. This paper describes the model structure in detail and outlines some general results, especially the impacts of climate change.
Introduction
Nearly all scientific reports including the youngest IPCC report confirm once more that the impact of humankind on the natural environment has never been greater (IPCC 2001) and cause substantial long term and irreversible climatic changes. One important source of climate change are the anthropogenic greenhouse gases emissions. Increasing atmospheric concentrations of greenhouse gases have a substantial impact on the global temperature and sea level which generate extensive economic, ecological and climatic impacts. Potential impacts of climate change encompass a general reduction in crop yields in most tropical and sub tropical regions, decreased water availability in water-scarce regions, an expansion in the number of people exposed to vector and water borne diseases and heat stress, intensification in the risk of flooding from heavy precipitation events and sea level rise, augmented energy demand for space cooling due to higher summer temperature; beneficial impacts cover an increased potential crop yield in some regions at higher latitude, potential rise in global timber supply from appropriately managed forests, increased water availability, reduced winter mortality and reduced energy demand for space heating due to higher winter temperatures (IPCC 2001) . Additionally, working group I of the IPCC reports that t he global average surface temperature has risen by 0.6 ± 0.2 °C over the 20th century stressing the fact that the increase in temperature in the Northern Hemisphere have been the largest of any century during the past 1 ,000 years, 1990 was the warmest decade and 1998 the warmest year.
Furthermore, the atmospheric concentration of the greenhouse gases carbon dioxide CO2, methane CH4 and nitrous oxide N2O increased drastically since 1750.
A comprehensive analysis of all previously described effects caused by climate change need to be based on a broad and integrated evaluation tool which combines economic, energy and climate relations in one modelling instrument and so allows an integrated assessment of costs and benefits of emissions reduction policies. Models based on only economic, ecologic or climate considerations allow a comprehensive assessment of only one aspect of climate change. Current models that try to integrate climate interrelations in an economic framework typically use stylised and reduced interrelations of all domains. This paper presents a novel integrated assessment modelling approach which is based on a detailed account of economic relations. The core is an intertemporal general equilibrium model WIAGEM, including all world regions and the main economic sectors. The general equilibrium models also includes by a representation of the international energy markets for oil, coal and gas. T he economic model is coupled to a model of the ocean carbon cycle and climate. WIAGEM has 25 world regions which are aggregated to 11 trading regions and 14 sectors within each region. The model incorporates the greenhouse gases (GHG) CO2, CH4 and N2O, which affect the global temperature, the sea level. In turn, temperature and sea level determine the impacts of climate change. Market and non market damages are evaluated due to the damage costs approaches of Tol (2001) . Additionally, this model includes net changes in GHG emissions from sources and removals by sinks resulting from land use change and forest activities.
The first part of this paper gives a brief overview of existing economic, climatic and ecosystem-models and integrated assessment approaches. The main focus of this paper is the description of the integrated assessment model WIAGEM. Primarily, the economic, energy and the climatic module of the model are explained thoroughly. The paper concludes by a short illustration of selected key model results.
Integrated Assessment models
The economic assessment of climate change is based on either pure economic models focusing on economic relations and interlinkages or economic models enlarged by stylised climatic interrelations or submodels which are usually known as integrated assessment (IAM) models. Ecological effects like impacts of climate change on biodiversity are mainly modelled by ecosystem models concentrating on ecological interrealtions (see Prentice et al., 1992 , Haxeltine et al., 1996 , Kaplan 2001 , Esser et al. 1994 , Kaduk 1996 Knorr, 2000 , Knorr und Heimann, 2001 ; climatic impacts can be assessed chiefly by sophisticated climate models (Maier-Reimer & Hasselmann 1987 , Maier-Reimer 1993 , Sarmiento & al 1992 , Siegenthaler 1978 , Hasselmann & al. 1997 , Joos & al 1999 , Hooss 2001 . Pure economic models base primarily on a general equilibrium approach based on aggregated world regions which mostly do not include sectoral disaggregation. Economic model that include sectoral disaggregation of world regions by a general equilibrium model do mainly not embrace ecological or climatic interrelations. Economic effects by emissions reduction policies are investigated by Bernstein und Montgomery (1999) , McKibbin and Wilcoxen (1999) , Böhringer and Rutherford (1998) and Kemfert (2000) .
Costs and benefits of climate change are predominantly assessed by integrated assessment models (IAM) incorporating physical relations of climate change and economic effects by damage functions. Examples for IAMs are MERGE ( Manne and Richels 1998) , RICE or DICE (Nordhaus and Yang 1998) , CETA (Peck und Teisberg 1991) or FUND (Tol 1998) . In contrast, these models do not include sectoral disaggregation of each world region. Edmonds (1998) gives an overview of newest modelling approaches, previous overviews can be found in Dowlatabadi (1993) , Dowlatabadi, and Rotmans (1998) and Toth (1995) .
Integrated assessment models are characterised by combining multidisciplinary a pproaches in order to evaluate impacts by climate change thoroughly. The model presemted in this paper WIAGEM tries to integrate in a first step a detailed economic model including all world regions and sectoral disaggregation with an energy and climate submodel. The model includes all greenhouse gases and potential net emissions changes due to sink potential from land use change and forestry. The climatic model bases on general interrelations between energy and non energy related emissions, temperature changes and sea level variations which all induce substantial economic impacts in terms of market and non market damage costs.
The Model WIAGEM
WIAGEM is an integrated assessment model which combines an economy model based on a dynamic intertemporal general equilibrium approach combined with an energy market model and a climatic submodel covering a time horizon of 50 years solving for five years time steps.
1 The basic idea behind this modelling approach is the evaluation of market and non market impacts induced by climate change. The economy is represented by 25 world regions which are aggregated to 11 trading regions, each region covers 14 sectors. The sectoral disaggregation contains five energy sectors: coal, natural gas, crude oil, petroleum and coal products and electricity. The dynamic international competitive energy market for oil, coal and gas is modelled by global and regional supply and demand, the oil market is characterised by imperfect competition with the intention that the OPEC regions can use their market power to influence market prices. Energy related greenhouse emissions occur as a result of economic and energy consumption and production activities. At the present time, a number of gases have been identified as having a positive effect on radiative forcing (IPCC 1996) In each region production of the non-energy macro good is captured by an aggregate production function which characterises technology through transformation possibilities on the output side and substitution possibilities on the input side between alternative combinations of inputs. Goods are produced for the domestic and for the export market.
Production of the energy aggregate is described by a CES function which reflects substitution possibilities for different fossil fuels (i.e., coal, gas, and oil) and capital, labour representing trade off effects with a constant elasticity of substitution. Fossil fuels are produced from fuelspecific resources and the non-energy macro good subject to a CES technology.
The CES production structure follows the concept of ETA-MACRO combining nested capital and labour at lower level. Energy is treated as a substitute of a capital labour composite determining together with material inputs the overall output (see Figure 2 ). CET: Constant elasticity of transformation τ CES: Constant elasticity of substitution σ A representative agent for each region maximises its region's discounted utility over the model's time horizon (50 years) under budget constraint equating the present value of consumption demand to the present value of wage income, the value of initial capital stock, the present value of rents on fossil energy production and tax revenue. In each p eriod households face the choice between current consumption and future consumption, which can be purchased via savings. The trade-off between current consumption and savings is given by a constant intertemporal elasticity of substitution. Producers invest as long as the marginal return on investment equals the marginal cost of capital formation. The rates of return are determined by an uniform and endogenous world interest rate such that the marginal productivity of a unit of investment and a unit of consumption is equalised within and across countries. The primary factors, capital, labor, and energy are combined to produce output in period t. In addition, some energy is delivered directly to final consumption. Output is separated in consumption and investment, investment enhances the (depreciated) capital stock of the next period. Capital, labor, and the energy resource earn incomes, which are either spent on consumption or saved. Saving equals investment through the usual identity (see Figure 3 ). Protection costs lower other investment in the economy (crowding out). Capital is used for production with a capital price 
Value share investment of good j I t : Activity level of investments in period t
P: Time period
Labour is supplied by household and demanded by firms, all household are confronted with a specific time quota be spend for labour or leisure. This labour -leisure decision is determined by net wages ensuring a price elastic labour supply. One representative agent by each region demands a composite consumption good produced by combining the Armington good and the household energy aggregate good according to a CES configuration. σ end describes the elasticity of substitution between the composite macro good and the energy aggregate.
Aggregate end-use energy is composed of oil, gas, and coal with an interfuel elasticity of substitution equal to one. The backstop fuel is a perfect substitute for the energy aggregate. 
Capital
Purchase of the good is financed from the value of the household's endowments of labor, capital, energy specific resources, and revenue from any carbon tax or permit prices, respectively (see Figure 4 ).
Figure 4: Final Demand Structure
Mathematically, this dependence can be written: The profit function by Armington production is specified by: 
Energy
WIAGEM includes four energy production sectors, one non-energy sector and three fossil fuel sectors traded internationally for oil, gas and coal. Coal production in the OECD and gas production in Russia grow with energy demand at constant prices. The elasticity of substitution between the resource input and non-energy inputs is calibrated to meet a given price elasticity of supply. Exhaustion leads to rising fossil fuel prices at constant demand quantities. The carbon-free backstop technology establishes an upper bound on the world oil price, this backstop fuel is a perfect substitute for the three fossil fuels and is available in infinite supply at one price, which is calculated to be a multiple of the world oil price in the benchmark year. Demand elasticities depend on back stop technologies, by low backstop costs demand elasticities are high and vice versa.
A composite energy good is produced by either conventional fossil fuels -oil, gas, and coalrepresented by a nested CES technology (with an elasticity of interfuel substitution σ fuel ) or from a backstop source with Leontief technology structures. Oil and gas can be substituted by an elasticity of substitution twice as large as the elasticity between their aggregate and coal.
The energy good production is determined by final demand of industry and households . The intertemporal optimal dynamic allocation is characterised by the steady state growth path which means that in order to reach the equilibrium conditions all sizes have to rise by a same growth rate. In the long run, conventional energy as fossil fuels are typified by exhaustion which increases resource prices. We assume that within the future time periods an carbon free backstop technology will be developed and utilised in order to substitute conventional energy. According to regional abatement costs countries will sell or buy emission permits. Countries facing high abatement costs above permit prices will purchase emission permits, regions with marginal abatement costs lower than the permit price will vend emission licenses. Revenues from selling permits are refunded lump-sum back to the representative consumer in the abating country. Within this context it has to be stressed that problems around the concrete implementation of the flexible mechanisms and emissions trading scheme, like on compliance, early crediting and deception in order to influence permit prices are neglected within the modelling context.
Climate
The model comprises three of the most important anthropogenic greenhouse gases: carbon dioxide (CO2) which covers over 80 percent of total radiative forcing by anthropogenic greenhouse gases, methane (CH4) and nitrous oxide (N2O). Primarily due to human activities, the concentration of these gases in the earth atmosphere have been increasing since the industrial revolution.
In WIAGEM, we consider the relationship between man made emissions and atmospheric concentrations and the resulting impact on temperature and sea level. Energy related CH4 emissions are determined by the CH4 emissions coefficients of gas and coal production in billion tons of CH4 per exajoule gas and coal production, the coefficients are taken from the MERGE model 4.0 (Manne 1998). Non energy related emissions cover parts of the CH4 emissions and N2O emissions. The global carbon dioxide emissions baseline pathway is assumed to start from 6 to 11 billion tons of carbon in 2030 which is roughly consistent with the carbon emissions projections of the IPCC reference case of medium economic growth (IPCC 1996). 
with ∆F measured in Wm -2 as changes in radiative forcing of each greenhouse gas corresponding to a volumetric concentration change for each greenhouse gas relative to the base level. The CH4-N2O interaction term is determined by:
[ ] 
Total chances of radiative forcing F is obtained by summing each greenhouse gas radiative forcing effect. The potential temperature PT is influenced by radiative forcing with d as parameter (d= 0.455):
Actual temperature is reached by a time lag because of the lag of potential impacts of climate change due to tempertature changes: 4 We follow the approach of Manne and Richels and MacCracken (1999) ) (
with tlag as the time lag, ∆At t measures the actual change in temperature in year t relative to the base year.
Because of the short term analysis of approximately 50 years from now,sea level changes will change insignificantly during this time period. However, newest calculation estimate a rough linear relationship between temperature changes and sea leven variations. By assuming that sea level will vary by 7 cm of 1 °C temperatur change (s=7), we calculate small sea level changes due to the actual temperature changes: sea level variations are determined by the very rough estimates of a linear relationship between actual temperature:
Impacts of climate change cover market and non market damages, the former comprise all sectoral damages, production impacts, loss of welfare etc, the latter contain ecological effects like bioviversity losses, migration, natural disasters etc. In order to assess impacts by climate change we follow the approach of Tol (2001) to cover impacts on forestry, agriculture, water resources and ecosystem changes as an approximation of a linear relationship between temperature changes, per capita income or GDP and protection costs due to sea level rise. Tol (2001) estimates vulnerability of climate change, covering a comprehensive evaluation of diverse climate change impacts. Besides sctoral impacts on agriculture, forestry, water resources and energy consumption he covers impacts on ecosystems and mortality due to vector borne diseases, and cardiovascular and respiratory disorders. We use the assessed protection costs and use an approximation of potential impacts. Impacts are additional costs to the economy lowering other investments (crowding out effect). Protection costs due to sea level rise shows Table 8 . with DAM as total impacts (damages), α and β are parameters, PC represents the sectoral protection costs due to sea level rise.
Basic model results

Climate Change impacts
Climate change impacts do matter within the next 50 years, model results demonstrate that primarily developing countries have to accept high welfare losses and GDP reductions in comparison to a scenario where no climate change impacts are included. The CC scenario describes the Climate Change (CC) scenario and is compared against a scenario where no climate impacts are evaluated. 
Kyoto emissions reduction
This section describes some basic model results. The model horizon encompasses 50 years, the model solves in 5 years time period. By including all greenhouse gases as described in section 2 of this paper, total GHG emissions increase from roughly 9 billion ton to 17 billion ton carbon equivalent emissions in 2050 (IPCC emissions scenarios (1999) 
Conclusion
The model WIAGEM is an integrated assessment model that build on a detailed economic intertemporal general equilibrium model covering 25 world regions and 14 s ectors of each world region. It contains an energy submodel that represents the international market for oil, coal and gas allowing a more realistic representation of the oil market in that sense that the OPEC regions can influence the oil market price due to their market power. An integrated assessment of economic, ecological and climate impacts is reached by an incorporation of climate interlinkages that try to evaluate economic market and non market damages of climate change. The coverage of all GHG improves the economic welfare impacts especially for OECD regions as not only the additional options of emissions abatement increase by the inclusion of all greenhouse gases but also diminishes the international permit price. The additional inclusion of sinks improves the welfare impacts in comparison to all other scenarios which leads to higher economic impacts and damages. The conclusion from this analysis is that on the one hand pure economic effects demonstrate positive impacts of the inclusion of sinks but on the other hand positive income effects lead also to higher non market impacts according to the temperature and seal level variations.
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